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PACS numbers: 78.20.Bh, 75.10.Pq, 11.30.-j, 42.50.Ct, 76.50.+g Cavity QED theory is substantial for many practical applications, for instance for implementing of quantum computation, and is studied extensively. In the theory of cavity QED, the Jaynes-Cummings model (JCM) for the one qubit case is recognized to be the simplest and at the same time the most effective model for the interaction between quantized electromagnetic (EM) field and the matter, which can be solved exactly. JCM predicts among many interesting features, the occurrence of collapses and revivals of coherence in the dynamics of a two-level atom in interaction with a single mode of the quantized EM-field, squeezing, antibunching, chaos, etc.
It seems to be, that the spectrum of quantization consequences, established at present, is far from complete even for simple models. The fact is that, that used at present canonical quantization procedure, which was proposed for the first time still at the earliest stage of quantum physics [1] , is needing in its development.
The fact is, the existing at present quantization procedure, being to be based on Maxwell equations, does not take nevertheless into consideretion the dual symmetry of given equations.
The aim of given work is to develop the canonical quantization procedure for cavity QED.
Suppose EM-field in volume rectangular cavity. Suppose also, that the field polarization is linear in zdirection. Then the vector of electrical component can be represented in the form
where q α (t) is amplitude of α-th normal mode of the cavity,
L is cavity length along z-axis, V is cavity volume, m α is parameter, which is introduced to obtain the analogy with mechanical harmonic oscillator. Let us analyse the solution of Maxwell equations for EM-field in a cavity in comparison with known solution from the literature to pay the attention to some mathematical details. Using the equation
we obtain the expression for magnetic field
where {f α (t)}, α ∈ N , is the set of arbitrary functions of the time. The partial solution, in which the functions {f α (t)} are identically zero, is always used in all the EMfield literature. However even in given case it is evident, that the Maxwellian field is complex field. Really using the equation
it is easily to find the class of field functions {q α (t)}. They will satisfy to differential equations
Consequently, we have
where C 1α , C 2α , α ∈ N are arbitrary constants. Thus, real-valued free Maxwell field equations result in well known in the theory of differential equations situation -the solutions are complex-valued functions. It means, that generally the field functions for free Maxwellian field in the cavity produce complex space. So the known conception, that EM-field is real-valued, has to be corrected. Further, there is the second physically substantial solution of Maxwell equations. Really from general expression (3) for the field H( r, t) it is easily to obtain differential equations for
The formal solution of given equations in general case is
Therefore, we have the second solution of Maxwell equations in the form
where
The field Hamiltonian H [1] (t), corresponding to the first partial solution, in canonical form is
The Hamiltonian H [2] (t), corresponding to the second solution, can also be represented in canonical form
Here we wish to pay attention, that the analogy with mechanical oscillator is the only partial, since in mechanics the canonical variables are the components of the vectors of the same parity (of polar vectors for harmonic oscillator). In EM-field theory vector-functions with different parities correspond to "coordinates" q α (t), q α (t) and to "impulses" p α (t), p α (t). If canonical "coordinates" are determined by polar vector-functions, then canonical "impulses" are axial vector-functions. We see, that for two partial independent solutions the roles of electric and magnetic vector-functions trade places. Consequently they both can be polar and axial vector-functions, which follows immediately from above represented partial solutions of Maxwell equations. In correspondence with conclusion on complex nature of Maxwellian field and in accordance with definition of complex quantities we can represent both partial solutions in the form ( E( r, t), E [2] ( r, t)) → E( r, t) + i E [2] ( r, t) = E c ( r, t).
and 
where j µ (1) is well known quantity, which is determined by
To determine the current j µ (2) we have to take into consideration, that gauge symmetry group of EM-field is two-parametric group Γ(α, β) = U 1 (α) ⊗ R(β), where R(β) is abelian multiplicative group of real numbers (excluding zero). It leads in fact to existence of complex current including complex charge for EM-field. Physically the presence of additional gauge symmetry above indicated follows from known invariance of Maxwell equations under scale transformations. Then, it can be shown, using Nöther theorem, that the current j µ (2) is
Lagrangian L(x) can be represented in the following form
Let us choose the set of time dependent components {q α (t)} of field vector-functions in the form
then we will have for the components of 4-vectors j µ
and j µ (2)
CGS system is used, that is B(x) = H(x), D(x) = E(x). It is easily to make sure, that continuity equation
is fulfilled well for the case considered. It means, that imaginary part of charge, which is nonzero, is really conserving quantity. We use further the standard procedure of field quantization. So for the first partial solution we have
where α, β ∈ N . Introducing the operatorsâ α (t) and a
we have for the operators of canonical variableŝ
Then field function operators arê
For the second partial solution, corresponding to Hamiltonian H [2] (t) we have
α, β ∈ N . The operatorsâ α (t),â + α (t) are introduced analogouslŷ
Relationships for canonical variables arê
For the field function operators we obtain
Representing field operators in the form (15) and (16) we will haveˆ
andˆ
It can be shown, that
whereĵ (1) 4 (x) is operator of electric charge density, K 1α , K 2α , α ∈ N are the constants, which can be determined from initial or boundary conditions. The expression for j (2) 4 (x) iŝ
whereĵ (2) 4 (x) is operator of magnetic charge density. Observable value of the electric charge density for the field state with n photons in α mode and with uneven spatial parity then is
(38) Conserving quantity, that is quantized electric charge is
It is easily to show that observable value of the magnetic charge density for the field state with n photons in α mode and with uneven spatial parity is equal to zero. We see, that classical and quantum consideration lead to different results. We see also that the expression for charge quantum is simple and it is similar to the expression for the energy quantum. It is evident that quantization of electric charge and magnetic charge in the cavity QED are realized independenly, in distinction from Dirac consideration [2] for free EM-field. It is understandable also that the nonzeroth value of magnetic charge quantum will always substantially exceed the value of electric charge quantum, however their ratio in general case can be dependent on initial or boundary conditions in the cavity.
Recently the phenomena of ferroelectric spin wave resonance (FE SWR) and antiferroelectric spin wave resonance (AF SWR) were discovered experimentally and reported in [3] and [4] . The experimental results were explained in the frame of the model reported in [5] , in which the existence of the EM-field component with axial electric field vector-function was required to obtain the agreement with earlier known experimentally detected optical analogues of magnetic resonance transition phenomena. The ferromagnetic spin wave resonance (FM SWR) was also observed earlier strictly in the same sample, that is on the same carbon chains, and was reported in [6] . The values of splitting parameters A E and A H in FE SWR and FM SWR allow to find the ratio J E /J H of exchange constants. The range of the ratio J E /J H was (1.2 − 1.6)10 4 . Given result seems to be direct proof, that the function, which is invariant under gauge transformations is two component, that is complex-valued function. In other words, the complex charge corresponds to presence of exchange interacting solitons with two independent exchange constants. We can evaluate the ratio of imagine e H ≡ g to real e E ≡ e components of complex charge taking into account the relationship between exchange interaction and charge. It is g e ∼ J E /J H ≈ (1.1 − 1.3)10 2 . It seen, that given result agrees well with Dirac relationship [2] g 68.5en, where n = ±1, ±2, ..., at n = 2. It is substantial that magnetic charge carriers are space extended, ∼ 20 interatomic carbon chain units, objects -spin-Peierls solitons, which produce the superlattice in carbynoid samples. They differs naturally from point electric charge carriers -electrons and from hypothetic Dirac point monopoles.
